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Heat transfer innovation is essential in modern society because thermal management systems need effective heating and cooling
processes. It is also an essential component in the vehicle industry and other types of transportation, in addition to automobile
industry, aviation technology, the computer industry, and the manufacturing industry. By the inspiration of importance of
magnetohydrodynamic hybrid nanofluid over a stretching cylinder with the influence of Williamson fluid and porous medium is
examined in this current study. To convert the PDEs into ODEs, suitable self-similarity transformation is used. After applying
transformations, for graphical purpose we have used the bvpSc technique. The impact of active parameters affecting the fluid’s
capacity to transfer significance is demonstrated in graphs and tables. In the result section we noticed on the velocity outlines
decreased for increasing M parameter. The Cf and Nu increased for larger values of the M and curvature parameters. Additional
properties of M and Rd parameter inputs result in improved temperature profiles.

Keywords: Williamson fluid; MHD, Porous medium, Heat source; Hybrid nanofluids

PACS: 44.05.+¢, 44.30.+v, 44.40.+a, 47.10.ad.

1. INTRODUCTION

Researchers have shown a great deal of interest in tiny fluids due to the fact that they are able to generate a
significant amount of heat in a variety of contemporary and industrial applications. Water, gasoline, and automotive oils
are examples of basic functioning liquids that have limited warm displays, which limit their employment in innovative
chilling appeals. Other examples include heating oil and motor oil. As a case study, tiny fluids are composed of tiny
particles such as aluminium oxide, the metal copper, iron oxides, nanotubes made of carbon carbides, and nitric oxide
These small particles enhance the thermal resistance of base fluids. Such tiny fluids possess a wide range of applications
in modern systems, including, but not limited to, heating and cooling, hybrid-powered motors, sunlight-based tissues,
chemotherapy for cancer, and the development of novel fuels, delivery of medications, and drugs. Choi [1] was the one
who made the most significant contribution to the field of nanofluid design, which resulted in changed behaviours.
Many studies into the development of tiny fluids have been carried out as a result of the various applications made
of nanofluids. Researchers in the fields of applied mathematics and engineering have recently shown a large amount
of interest in non-Newtonian fluid mechanics as a result of contemporary advances in technology [2][3][4]. A number
of disciplines, including biological sciences, drugs, and chemistry, place a significant amount of significance on the
motion and heat transfer characteristics associated with these fluids. Standard approaches cannot correctly explain
non-Newtonian liquids' shearing dimension, typical stress variation, and viscoelastic properties due to underlying
nonlinear stress-strain rate connections. The complicated dynamics of fluids that are not Newtonian, which includes
elastomeric fluids, necessitates the development of accurate forecasting frameworks. These kinds of fluids play an
important role in a wide variety of settings [5][6][7].

A mixed nanofluid is an improved version of regular tiny fluids that has enhanced heat transfer, thermophysical
properties, and elasticity. In order to achieve the production of a mixed nanofluid, several tiny particles are combined with
a base fluid in order to achieve a beneficial interaction that results in increased thermal characteristics. In order to ensure
that the heat exchanger's heating and cooling operation was carried out effectively, the performance of a nanofluid hybrid
was used. In addition, the application of nanofluid mixtures may be associated with the production of thermal conversion,
cooling, technological coolants, and cars. When compared to other nanofluids, hybrid nanofluids are often more difficult to
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generate and required for more sophisticated character development procedures in order to comprehend the characteristics
of the various nanoparticles as well as how they communicate with one another [8][9][10][11].

Magnetohydrodynamics, often known as MHD, is a branch of study that examines the interaction among magnetic
fields and speed forces in liquids that conduct electricity, such as plasma-based solutions, minerals, and metals that are
liquid. Hartmann [12] was the first person to suggest the idea of producing regular magnetic forces inside a fluid with
electrolytes, which is considered to be the foundation for magnetically induced dissipation (MHD) investigation. In its
most basic form, MHD is used to examine the behavior of substances that conduct electricity. For technical and
medicinal purposes, MHD liquids have a wide range of uses. MHD barrier layer fluctuations exert a pulling force on
liquids that transmit electricity thanks to their magnetic properties. The enforced MHD results in the generation of a
drag force, which is known as the Lorentz force, which acts towards the perimeter of the motion. A wide variety of fluid
circulation simulations have been seen to include MHD, which has uses in pharmaceutical manufacturing, producing
electricity, and other areas. Radiation has a considerable influence on thermal boundaries, particularly in highly heated
processes that are used in engineering fields. Because the result is dependent on the pace of the cooling process, the
function that heat conduction plays in achieving the intended output is important [13][14].

According to the current literature, the simultaneous effects of MHD, porous medium, Williamson hybrid
nanofluid flow over a stretching cylinder has been illustrated and which all are taken into the model, as per the author
knowledge this kind of model have not been examined before. Equations in the form of PDEs are generated as a result
of this process. In order to change PDEs into ODEs, the appropriate self-similarity conversion must be performed. After
applying transformations, for graphical purpose we have used the numerical method that is bvpSc scheme. In the results
and discussion section, graphs for different physical significance are given. Hybrid nanofluid with Ag-Go and kerosine
oil enhances solar thermal efficiency. Applications include concentrated automobile, thermal collectors, and lubrication
in solar tracking. Therefore, the use of a combination of tiny fluids as traditional cooling agents may serve to enhance
the entire heat transfer performance of an automotive system.

2. MATHEMATICAL MODELING

e A steady, incompressible hybrid nanofluid with the presence of magnetic field along a permeable stretched cylinder
of radius « is scrutinized.

e The hybrid nanofluid is assumed to flow in the axial x-direction while normal to x is the r-coordinate as illustrated in
Fig. 1.

¢ The deformable (stretching or shrinking) cylinder has a linear velocity U, (x) with constant characteristic velocity
u, such that U, (x)=u,x/L .

e v, (r) is the constant mass flux velocity where v, (r) >0 represents injection or fluid removal and v, (r) <0 stands

for suction.

| Thermal Boundary Layer l

oV \ | Momentum Boundary Layer

Figure 1. Flow justification of the model.

The mathematical flow equations are constructed as [15][16][17][18].
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Along with the boundary conditions are [15]
V:Vw(r), u:ww(x)’ T:]:u(x)’ at r=a (4)

u—>0, T->T,, as r— oo

where the velocities along x and » - axes are denoted by u and v, accordingly and 7 is the Hnf temperature. The

2
ambient temperature 7. is constant and the variable wall temperature is considered as 7, =T_ +1T (%) , where Tjis

the characteristic temperature. A means the constant parameter of shrinking (A <0)or stretching (4>0) parameters

while (4=0) symbolizes the static cylinder.

The following suitable self-similarity transformations are defined as:

Uy X ., a (U0, T-T, u, r-a
:—F , = —— —F ’9 :—’ = —92 , 5
u==F'(n), v=——y|=F (1), 0(n)=— U ©)
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v, (r) -2 uo—/S. (6)
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The following is a list of the thermophysical characteristics of Hnf:

So that

Iuhnf .0, = Pinf .0, = (pc )hn/ .0 :kh_nf 0 :ﬂ
2 3 4 s 225

0= .
My Py (pe,); ky O

In order to create the following dimensionless ODEs, Egs. (2) to (4) are transformed using the ideal technique
indicated in Egs. (5 and 6).
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The boundaries of the change are described as:

£(0)=5. /(0)=4 6(0)=1 o
f(=)=0, @(=)=0.
o,B’L , # (e, )f v,L .
Note that M = Magnetic field parameter, Pr=——>— Prandtl number, y= — is the Curvature
Py k ; u,a
uz. . U/L . : Qr)L
parameter, Ec=———*——is the Eckert number, K =—— 1is the porosity parameter, and Q=—F"——
¢, (T,-T.) aK’ v, (pC,),

dimensional heat generation/absorption, We = / —F is Weissenberg number.

The dimensional form of Crand Nu, are given by

c, =t (a_“j N = (_B_Tj (10)
f ’Of w ai" ’ kf (Tw -T. ) ai" r=a '
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The non-dimensional form of Eq. (11) converted is
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Re,%cf =Cf = Qlf”(0)> Re;%N”x =Nu= —Q49,(0). (1

Where Re, is the local Reynolds number.

3. SOLUTION METHODOLOGY
The nature of the ODE system (7-8) with BCs (9) is extremely nonlinear in its characteristics. For the purpose of
dealing with these equations, we adopt a computational approach known as the bvp5c method. Using MATLAB solver,
we are able to solve the control problem. The midway method's standard operating procedure is laid out in detail below

(Fig. 2).
Williamson hybrid nanofluid fluid flow over a Stretching cylinder with the
presence of porous medium and MHD

A literature reviews
Heat transfer and MHD using Williamson hybrid nanoflvid

Mathematical Model
Derive the boundary layer flow equations (in terms of PDEs) by using basic
conservation laws and deliberation

Figure 2. Flow chart of the present investigation problem.

4. RESULTS AND DISCUSSION
In order to describe the behavior of the Williamson hybrid nanofluid flow over a Stretching Cylinder, along with
the bvp5Sc process in MATLAB solver were used in this investigation phase. The properties of hybrid nanofluid are
presented in Table 1, as well as validation of comparison results are demonstrated in Table 2.

Table 1. Thermophysical properties of base fluid and hybrid nanofluids[19].

Property Kerosene Oil Ag Go
Density p (kgm™) 783 10,500 1800
Specific heat C, (Jkg™'K™") 2090 235 717
Heat conductivity k, (Wm'K™) 0.145 429 5000
Electrical conductivity o (Qm)™ 21x10°° 63x107° 6.30x10’

Table 2. The quantitative results of the skin friction coefficient of different of values for @, by fixing parameter values
S=y =M=Ec=0, and Pr =21, ¢, =0.01, A =1.

o Najiyah et al. [15] Present results
0.005 -1.327098 -1.3270827
0.02 -1.409490 -1.4094721
0.04 -1.520721 -1.5207003
0.06 -1.634119 -1.6341005

Velocity and temperature profiles shows several flow properties, including the Magnetic field (M), Weissenberg
number (We), Porous medium (K), and Q. The velocity profile decreases with increasing M Parameter, as seen in Fig. 3.
Magnetic field lead to more confined Lorentz power, which in turn leads to a reduced velocity profile, which is a
practical consequence. Understanding that the nanofluid’s movement decreases as a consequence of the fact that the
fluid’s movement in the material is inversely related to viscosity. While the opposite nature we noticed on energy profile
which is presented in Fig. 6. The effect of the Weissenberg number We on the velocity profile f'(77) it is shown in
Fig. 4. The force boundary layer of the Williamson nanofluid shrinks for higher values of the We . From a physical
standpoint, we are aware that We represents the proportion of time spent relaxing to time spent calculating. A decrease
in velocity is the result of a longer processing period, which is caused by an increase in the number of We. While the
reverse trend we observed on energy profile, which is demonstrated in Fig. 7. The effect of the K on the f'(77) is

apparent in Fig. 5. It is shown that the velocity outline declines with increasing K parameter, which is in tune with
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reality. Furthermore, when we the trip away from the border, as far the liquid movement is concerned, the porous nature
of the border is insignificant. Fig. 8 represents the impact of O on energy outline. For the larger values of the Q in
energy profile increased. Physically, when heat generation rises, so does the inherent energy of liquid particles, resulting

in a rise in the temperature outline.
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The effect of M and K on Cf outline is demonstrated in Fig. 9. For the higher values of the M on the Cf profile
decreased, due to the physical phenomenon of lot of Lorentz force is applied on the fluid movement so that’s why the
profile decreased. The impact of M and Rd parameters on Nu outline is presented in Fig. 10. For the larger values of the
magnetic field the Nu profile increased. From a physical point of view, here the Lorentz force is act as an electric nature
and this force is mixed with the fluid movement so that’s why the profile enhanced.
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0

Figure 9. Impact of M and K on Cf Figure 10. Impact of M and Rd on Nu

Streamlines profiles
Streamlines, the investigation of fluid behavior and the portrayal of flow, in particular, provide a range of qualities
that, when taken into account together, allow them to be excellent tools for analyzing and conducting research on the
movements of fluids. This is particularly true when used to the investigation of fluid movement. Figs. 11 and 12 exhibit
magnetic parameter for various values of M= 0.3, 0.5 influences on streamlines plots. Magnetic parameter strength
draws electrical conductivity molecules more towards to the main stream.

Stream line for M=0.3 Stream lines for M = 0.5
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Figure 11. Stream lines for M=0.3 Figure 12. Stream lines for AM=0.5

5. CONCLUSIONS

The current examination work explored the numerical solution for MHD of 4g-Go hybrid nanofluid over a
Stretching Cylinder. The bvp5c technique was used to solve the issue of velocity, temperature and the outcome was
truly the solution to the problem. And also, in order to demonstrate the impact of important parameters graphs are
generated. The results are presented in a variety of graphical formats, including a 2D plots, 3D plots, and streamlines.
The following list includes the study’s noteworthy results:
e Velocity profile declines for the higher values of the M parameter on the other hand we noticed the opposite
tendency in energy profile.
Velocity outline decreased for the larger values of the We parameter.
Increasing the radiation parameter enhanced the temperature profile.
The skin friction factor decreases for the higher values of the porous and magnetic parameter.
The Nusselt number profile enhanced, for the higher values of the M and Rd.
Streamlines have an oscillating character, which is necessary for magnifying the various values of nanoparticles
volume fractions.
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rpagiyHUX LiTeld MU BUKOPUCTAIN TEXHIKY bvpSc. BIumB akTHBHHX mapameTpiB, IO BILIMBAIOTh HA 3[AaTHICTH PIAWHM IeperaBaTu
rapaMeTpH, Moka3aHo Ha rpadikax i TaObaMIIX. Y pO3Ziai pe3yibTaTiB MH IIOMITHJIM, IO KOHTYPH IIBHIKOCTI 3MEHLIYIOTHCS 31
36inpienHsiM napamerpa M. Cf i Nu 30inbLryBanucst 3a BeIMKHX 3HAYCHHSAX mapamerpiB M i KpuBu3HHU. J[0AaTKOBI BIIACTHBOCTI
BXiIHUX mapaMeTpiB M Ta Rd mpu3BoasATh 10 MOKpaIIeHHs TeMIIepaTypHUX IpodiiB.
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